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(54) Engine valve actuating system 

(57) A number of embodiments of variable valve 
actuating systems wherein the valve (42-1) is operated 
selectively by either first or second rocker arms (48, 49) 
both of which are supported for pivotal movement on the 
same rocker arm shaft but which are operated by differ- 
ent cams and have different lifts. Only one of the rocker 
arms (48) directly operates the valve (42-1). The lift is 
changed by selectively coupling the rocker arms (48, 
49) for simultaneous operation. A number of variations 
in locations and valve actuation are disclosed as well as 
a variable induction system that cooperates with the 
variable valve actuation to improve the engine perform- 
ance over a wider range of speeds and loads. 
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Description 

This invention relates to an engine valve actuating 
system and more particularly to an improved arrange- 
ment for achieving variable valve actuation (timing 
and/or lift) in the operation of an engine valve. 

As is well-known, many factors in an internal com- 
bustion engine represent a design compromise. Gener- 
ally, the compromise is between achieving good low- 
speed performance and economy and high output and 
high power. There has been proposed a wide variety of 
devices, however, so as to permit the engine character- 
istics to be adjusted during its running, so as to obtain 
improved performance across the entire speed and load 
range. One of these features is variable valve actuation 
which includes both changing the valve timing and/or 
the valve lift. Obviously, these present substantial chal- 
lenges to the engineer considering that the adjustment 
must be made when the engine is running. 

A wide variety of mechanisms have been proposed 
for achieving either or both of the variable valve timing 
and variable valve lift. For the most part, however, they 
are fairly complex and add significantly to the complex- 
ity of the valve train. 

It is, therefore, a principal object of this invention to 
provide an improved variable valve actuating mecha- 
nism that is relatively simple in construction and which 
lends itself to incorporation in multi-valve engines. 

It is still further object of this invention to provide an 
improved valve operating mechanism for an engine that 
can achieve variable valve operation during engine run- 
ning. 

This invention is adapted to be embodied in the 
valve actuating mechanism for operating a single pop- 
pet valve of an engine through cooperation with the 
stem thereof. The valve operating mechanism is com- 
prised of a single cam shaft having a pair of adjacent 
cams. A pair of adjacent, pivotally supported rocker 
arms, each cooperate with a respective one of the 
cams. A first of the rocker arms has an operating portion 
for direct cooperation with the valve stem for operating 
the valve. Means provide a selective coupling of the 
second rocker arm to the first rocker arm for effecting 
actuation of the valve through the first rocker arm. Thus, 
by providing different characteristics of the cam and 
rocker arms, varying lift and/or duration can be 
achieved. 

The invention will be described in detail in connec- 
tion with the drawings. 

Figure 1 is a top plan view looking at the valve actu- 
ating mechanism associated with a single cylinder of an 
internal combustion engine constructed in accordance 
with a first embodiment of the invention, with the cam 
cover for the engine removed. 

Figure 2 is an exploded view showing the same 
components illustrated in Figure 1 but illustrating only 
the cam shaft and the rocker arms associated therewith. 

Figure 3 is a cross-sectional view taken along the 


line 3-3 of Figure 1 and illustrates one of the rocker 
arms and its association with the cam shaft. 

Figure 4 is a cross- sectional view taken along the 
line 4-4 of Figure 1 and shows the valve in its closed 
s position. 

Figure 5 is a cross-sectional view, in part similar to 
Figure 4, and shows the valve in its open position when 
opened by the first rocker arm. 

Figure 6 is an enlarged cross-sectional view taken 
10 along the same plane as Figures 4 and 5, and shows 
the same condition in Figure 4, i.e., with the valve 
closed. 

Figure 7 is a cross-sectional view taken along the 
line 7-7 of Figure 6. 
is Figure 8 is a top plan view showing one of the ele- 
ments (the plunger) of the coupling mechanism which is 
effective to either couple or uncouple the second rocker 
arm from its operating relationship with the first rocker 
arm. 

20 Figure 9 is a cross-sectional view taken along the 
line 9-9 of Figure 8. This figure is shaded so that the 
shape can be more easily recognized. 

Figure 10 is a side-elevational view looking in the 
direction of the arrow 10-10 in Figure 8. This figure is 

25 also shaded so that the shape can be more easily rec- 
ognized. 

Figure 1 1 is a cross-sectional view taken along the 
same plane as Figure 6 and shows the arrangement 
when the second rocker arm is coupled to the first 
30 rocker arm and is effective to operate the first rocker 
arm and the valve therethrough. 

Figure 12 is across-sectional view taken along the 
line 12-12 of Figure 11. 

Figure 1 3 is a cross-sectional view, in part similar to 
35 Figures 4 and 5, but shows the valve in its fully opened 
position when operated by the second rocker arm acting 
through the first rocker arm. 

Figure 14 is a partially schematic view showing an 
induction system for the engine and an ancillary intake 
40 control system that may be utilized in conjunction with 
the various valve operating embodiments disclosed 
herein. 

Figure 15 is a view, in part similar to Figure 1, and 
shows another embodiment of the invention where both 

45 valves of the same cylinder are operated by variable 
valve actuating mechanisms. 

Figure 16 is a partially exploded view, in part similar 
to Figure 2, but shows the cam shaft and rocker arms of 
this embodiment. 

so Figure 17 is a top plan view, in part similar to Fig- 
ures 1 and 15, and shows yet another embodiment of 
mechanism employing variable valve actuating mecha- 
nism for both valves associated with a single cylinder of 
the engine. 

55 Figure 1 8 is an exploded view, in part similar to Fig- 
ures 2 and 1 6, but shows the cam shaft and rocker arms 
for this embodiment. 

Figure 19 is a top plan view, in part similar to Fig- 
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ures 1, 15 and 17, and shows yet another embodiment 
of the invention wherein both valves associated with the 
same cylinder has a variable valve actuating mecha- 
nism but, in this embodiment, sharing one of the rocker 
arms. 

Figure 20 is an exploded view, in part similar to Fig- 
ures 2, 16 and 18, showing the cam shaft and rocker 
arm of this embodiment. 

Figure 21 is a cross-sectional view, in part similar to 
Figure 3, but shows another type of biasing arrange- 
ment for the second rocker arm. 

Figure 22 is a cross-sectional view taken through a 
cylinder head that utilizes a return arrangement for the 
second rocker arm as shown in Figure 21, with the 
associated cylinder bore and remaining valves shown in 
phantom line. 

Referring now in detail to the drawings and initially 
to the embodiment of Figures 1 -13, a portion of a cylin- 
der head assembly of an internal combustion engine is 
illustrated and is identified generally by the reference 
numeral 31 . Only a portion of the engine is illustrated 
and specifically the cylinder head thereof because the 
invention deals, as aforenoted, with a valve actuating 
mechanism for engines. Therefore, when any details of 
the construction of the engine are not illustrated, they 
may be considered to be conventional. Those skilled in 
the art will be able to determine from the following 
description how the invention can be utilized with a wide 
variety of engines. 

In all of the embodiments illustrated, the depicted 
engine and cylinder head 31 are of the four valve cylin- 
der type. This is because the invention has particular 
utility with multi-valve engines, for reasons which will 
become apparent. However, the invention can be uti- 
lized with engines having any number of valves includ- 
ing only two valves per cylinder or more than two valves 
in any number. 

The cylinder head assembly 31 includes a main cyl- 
inder head member 32 which has an upper surface 
which carries a bearing and cam carrier 33 and which is 
closed by a cam cover 34. 

As best seen in Figures 3-5, each cylinder of the 
engine is served by a pair of intake passages 35 that 
terminate in valve seats 36 which are valved by poppet- 
type intake valves, indicated generally by the reference 
numeral 37. These valves 37 have head portions 38 that 
cooperate with the valve seats 36 and stem portions 39 
that are slidably supported in valve guides 41 affixed to 
the cylinder head member 32. 

At their upper ends, keeper retainer assemblies 42 
retain spring assemblies 43 that act between the keeper 
retainer assemblies 42 and the cylinder head for biasing 
the valves 37 to their closed positions, as is well-known 
in this art. 

Referring now primarily to Figures 1 and 2, a cam 
shaft, indicated generally by the reference numeral 44, 
is journaled in the cam carrier 43 by bearing surfaces 
formed by it and bearing caps which are not illustrated. 


The cam shaft 44 has three lobes comprised of a first, 
center lobe 45, a second lobe 46, and a third lobe 47. 
Associated with these lobes 45-47 are first, second and 
third rocker arms, indicated generally by the reference 
5 numerals 48, 49 and 51 . These rocker arms 48, 49 and 
51 are all journaled on a common rocker arm shaft 52 
that is carried by the cam carrier member 33 in any 
known manner. 

As may be best seen from Figure 1 , the cam lobes 

10 45 and 46 and their cooperating rocker arms 48 and 49 
are associated with one of the valves 37, the keeper 
retainer of which is indicated by the reference numeral 
42-1 . The remaining cam lobe 47 and rocker arm 51 are 
associated with and operate the remaining intake valve 

75 37 and their association is indicated, by the reference 
numeral 42-2, which identifies the keeper retainer of this 
remaining valve. 

The first rocker arm 48 is a rocker arm which, under 
all conditions, operates the associated intake valve hav- 

20 ing a retainer 42-1. This rocker arm 48 has a follower 
portion 53 which is engaged with the cam lobe 45 and 
which is actuated by it. An actuating portion 61 extends 
integrally outwardly from the area adjacent the cam fol- 
lower 59 and carries an adjusting screw 62 at its outer 

25 end which cooperates with the tip of the stem 39 of the 
associated valve. Thus, this rocker arm generally oper- 
ates as a conventional rocker arm for the valve actua- 
tion during such time as the second rocker arm 49 is not 
coupled to it. This coupling method will be described 

30 later. 

Referring now primarily to Figures 1-3, the second 
rocker arm 49 and its cooperation with the cam lobe 46 
will be described. The rocker arm 49 has an outwardly 
extending arm which forms an integral follower 63 that is 

35 engaged by the cam lobe 46. At this point, it should be 
noted that the cam lobe 46 is of a larger lift and larger 
diameter than that of the cam lobe 45. In addition to pro- 
viding a different lift, this cam lobe 46 may also be con- 
figured to provide slightly different timing through its 

40 cooperation with the first rocker arm 48. 

Adjacent the follower surface 63, the rocker arm 49 
is provided with a protrusion 64 that receives an adjust- 
ing screw 65. This adjusting screw 65 operates in con- 
junction with a coupling mechanism to, at times, control 

45 the operation of the rocker arm 48. That mechanism will 
be described very shortly. 

In order to maintain the rocker follower surface 63 in 
engagement with the cam lobe 46, a biasing arrange- 
ment shown in Figure 3 is provided. As seen in this Fig- 

50 ure, a spring carrier 66 is affixed to the cam carrier 33 in 
a known manner. The spring carrier 66 is provided with 
a plurality of pockets, one for each rocker arm 49. A 
spring arrangement, indicated by the reference numeral 
67, is supported in each of these pockets. 

55 The spring arrangement includes an outer cylinder 
member 68 which defines a bore in which a sliding bias- 
ing member 69 is provided. The sliding biasing member 
69 is biased by a coil compression spring 71 into 
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engagement with a further follower surface 72 formed 
on a portion of the rocker arm 49 that extends in some- 
what diametrical opposition to the portion that forms the 
follower surface 63. Thus, the spring 71 acting through 
the biasing member 69 and rocker arm surface 72 will 
maintain the rocker arm follower 63 in engagement with 
the cam lobe 46. 

The mechanism for selectively coupling the rocker 
arm 49 to operate the rocker arm 48 will now be 
described by particular reference to Figures 4-13. Fig- 
ures 4 and 5 show this coupling mechanism, which is 
indicated generally by the reference numeral 73, in the 
disengaged condition so that the rocker arm 48 oper- 
ates without any control or interference from the rocker 
arm 43. Under this condition, the cam lobe 45 and 
rocker arm 48 control the degree of maximum opening 
and timing of opening of the valve 37 with the fully- 
opened position being shown in Figure 5. 

The rocker arm 48 has a boss portion 74 that is 
formed adjacent its follower surface 59 but below it. A 
cylindrical bore 75 is formed in this boss 74. A coupling 
plunger member, having a configuration shown in Fig- 
ures 8-10 and indicated generally by the reference 
numeral 76, is slidably supported within this bore. This 
coupling plunger member 76 has a head or top portion 
77 which is positioned to be and is engaged during the 
running of the engine by the screw 65. 

As may be best seen in Figure 1 1 , the lower end of 
the bore 74 is partially closed by a cap 78 which forms 
an engagement for a biasing spring 79 that acts on the 
lower end of the coupling plunger member 76. This 
spring 79 keeps the coupling plunger member 76 and 
specifically its surface 77 in constant engagement with 
the adjusting screw 65. It should be apparent, however, 
that if desired, some clearance may be maintained in 
this gap depending upon how the valve operation is to 
be accomplished. Also in some views the position of the 
plunger member 76 in the bore may not be the true posi- 
tion depending upon the lift characteristics of the 
respective cams 45 and 46 and specifically that of their 
lobes. 

The coupling plunger member 76 is formed with a 
bore 81 that extends from a flat surface 82 formed in a 
side thereof by a machined recess 83. Received within 
the bore 81 is a return spring arrangement that is com- 
prised of a pair of end caps 85 and 86 that are urged 
apart by a coil compression spring 87. 

In the uncoupled state when only the cam 45 is 
operating the valve 37, this compression spring 87 
causes the retaining member 83 to be urged to a posi- 
tion where a flat surface of it is coextensive with the sur- 
face 82. Under this condition the surface 82 is engaged 
by a slidable locking member 88. 

The locking member 88 is slidably supported within 
a bore 89 that extends through the rocker arm 48 below 
its journal on the rocker arm shaft 51. The outer end of 
this bore 89 is closed by a closure plug 91 and in the 
uncoupled state, the locking member 88 is abuttingly 


engaged with this closure plug 91 . 

The cooperation of the locking member 88 with the 
side of the surface 82 will permit reciprocation of the 
coupling plunger member 76 in the bore 75 between the 

5 position shown in Figure 4 which represents the closed 
condition and the position shown in Figure 6 which 
shows the condition when the intake valve 37 is opened 
to its maximum lift during the time when the cam lobe 45 
is operating the rocker arm 48 so as to control the timing 

10 and lift of the valve 37. Rotation of the plunger member 
76 in the bore 75 is, however, precluded by this coac- 
tion. 

When the cam lobe 46 operates the rocker arm 49 
to begin its lift, then the coupling plunger member 76 will 

is be driven downwardly in the bore 75 as shown in Figure 
6. Under this condition, no additional movement of the 
rocker arm 48 will occur and thus there is lost motion 
under this operation. 

It should be noted that in the retracted position of 

20 the locking member 88, a gap 92 is provided between it 
and the end closure 91 . This gap communicates with an 
oil control passage 93 that extends through the rocker 
arm shaft 51 and rocker arm 48. The rocker arm shaft 
51 is hollow and hydraulic fluid pressure may be exerted 

25 selectively through this passage 73 to the area 92 in 
accordance with a desired control strategy. One such 
strategy will be described later by reference to the 
embodiment of Figure 14. 

When this passage 93 is pressurized, as shown in 

30 Figures 1 1 and 12, the locking plunger 83, when it reg- 
isters with the bore 81, will act on the retainer member 
86 and force it inwardly and compress the spring 87. At 
this time, the rocker arms 48 and 49 will be coupled 
together and the rocker arm 49, because of its greater 

35 lift and timing, will actually control the opening degree of 
the valve so as to provide a greater lift under this cou- 
pled condition as clearly shown in Figure 1 3. By com- 
paring Figure 13 with Figure 5, this greater lift condition 
can be readily appreciated. 

40 When the hydraulic pressure in the passage 93 and 
area 92 is relieved, the spring 87 will urge the locking 
plunger 88 back to its disengaged position as shown in 
Figures 4-7. 

Referring back to Figures 1 and 2, it will be seen 
45 that the rocker arm 51 and cam lobe 47 that operate the 
remaining intake valve which does not have its lift varied 
in this embodiment. The rocker arm 51 has a follower 
surface 94 that is engaged by the cam lobe 47. An 
adjusting screw 95 carried at the tip of this rocker arm 
so cooperates with the stem of this valve to operate it in a 
normal manner. Varying types of lift arrangements may 
be employed and different lift ratios and/or valve timing 
between the non-variable actuated valve and the varia- 
ble actuated valve. That is the lift and/or timing of the 
55 valve operated by .the cam 47 may be the same as that 
provided by either of the cams 45 or 46 associated with 
the other valve or different from either of them. 

Figure 14 is a view that shows one way in which this 
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mechanism may operate. This view shows the induction 
system schematically and it now will be described by 
reference to that Figure. In this Figure, the normally or 
non-variably actuated valve is indicated by the refer- 
ence numeral 37-2, while the variably actuated valve is 5 
indicated by the reference numeral 37-1. The intake 
passages 35 associated therewith have also been indi- 
cated by the same suffixes, i.e., 35-2 and 35-1. 

In accordance with this embodiment, an air inlet 
device, indicated by the reference numeral 101, draws 10 
atmospheric air through an inlet opening 102 in which a 
manually actuated throttle control valve 103 is posi- 
tioned. The air inlet device 101 forms a plenum cham- 
ber 104 that communicates with the runners 35-1 and 
35-2 of each cylinder. 15 

A control valve 105 is provided in the runner 35-2 
and is operated by a servo motor 106 under the control 
of an ECU, indicated generally by the reference numeral 
107. 

In this embodiment, the intake valve 37-1 and its 20 
operation is adjusted to optimize primarily the low and 
mid-range performance of the engine. Thus, the cam 
lobe 45 and rocker arm 48 can be tailored for optimum 
performance under tow-speed and low-mid range run- 
ing. The cam lobe 46 and rocker arm 49 are coupled for 25 
a higher range of operation and may provide a substan- 
tially greater lift so as to improve the performance under 
higher speeds and loads. 

Thus, the control strategy for the ECU is to sense 
throttle position or load and engine speed and be 30 
mapped so as to activate the servo motor 106 and 
maintain the throttle valve 105 in a closed position dur- 
ing low-speed and low-to-medium mid-range running. 

As the speed and load increase, however, then the 
ECU effects opening of the control valve 105 by the 35 
servo motor 106. Thus, the engine can provide very 
good performance under a wide variety of speeds and 
loads due to the use of the variable valve actuating 
mechanism and the control valve 105. 

The foregoing example is only one type of strategy 40 
that can be employed and the maximum lift for the 
valves 37-1 and 37-2 can be either the same or different 
depending upon the particular engine and tuning 
arrangement selected, as already noted. 

In order to permit a compact assembly, obviously 45 
the adjusting screw 65 must be configured in relation to 
the cam lobes and specifically the cam lobe 45, so as to 
not present any interference. 

Figures 15 and 16 show another embodiment of the 
invention wherein both of the intake valves 37-1 and 37- 50 
2 are provided with a variable valve actuating mecha- 
nism. In this particular embodiment, the cam shaft is 
provided with, in addition to, the lobes 45 and 46, for 
actuating the first intake valve 37-1, with additional 
lobes 151 and 1 52 for operating the rocker arms 48 and 55 
49 associated with the remaining valve 37-2. 

It should be noted that the rocker arms 48 and 49 
associated with the second intake valve 37-2 are mirror 


images so as to permit the two rocker arms 48 to be 
positioned next to each other and the other two rocker 
arms to be spaced more widely. With this type of 
arrangement, as shown, the initial lift for the valve 37-2 
is less than that of the valve 37-1 but the maximum lift 
provided by the cam lobes 46 and 1 52 can be the same. 

Figures 17 and 18 show yet another embodiment. 
In this embodiment, the rocker arms are reversed from 
the position utilized in Figures 15 and 16. That is, the 
direct actuating rocker arms 48 are disposed outwardly 
of the indirect acting rocker arms 49. Again, varying lift 
arrangements may be employed. As illustrated in this 
embodiment, the initial lift of the valve 37-1 is substan- 
tially greater than that of the remaining valve 37-2 while 
the maximum lift also is larger but only slightly larger as 
indicated by the respective cam lobe portions. 

In all of the embodiments thus far described, those 
valves that have had adjustable valve actuation have 
had associated with them their own first and second 
rocker arms and first and second cam lobes. Figures 1 9 
and 20 show another embodiment wherein the second 
rocker arms for the two valves are integrated into a sin- 
gle rocker arm. Since that is the only difference between 
this embodiment and that shown in Figures 1 7 and 1 8, 
components which are the same are identified by the 
same reference numerals and will not be described 
again, except insofar as is necessary to understand the 
construction and operation of this embodiment. 

In this embodiment, a single second rocker arm 201 
for each of the valves 37-1 and 37-2 is provided. This 
rocker arm 201 has a single follower surface 202 that is 
engaged by a single cam lobe 203. This rocker arm has 
a pair of bosses 204 and 205 each of which carries a 
respective adjusting screw 206 and 207. These adjust- 
ing screws actuate the connecting system of the adja- 
cent rocker arm 48, in the manner that has already been 
described. Thus, with this construction, the arrange- 
ment can be further simplified. However, the operation 
of the second rocker arm 203 on each valve then must 
be the same. Different lift characteristics can be pro- 
vided for the operation of the valves 37-1 and 37-2 and 
in this embodiment the lift of 37-1 is greater than that of 
37-2 before the rocker arm 201 actuates both valves. 

Figures 21 and 22 show both the incorporation of 
the variable valve actuating mechanism for all valves of 
the engine and also shows a different biassing arrange- 
ment for the second rocker arms. Since this is the only 
main difference, components which are the same or 
substantially the same have been identified by the same 
reference numerals. 

In this embodiment, the second rocker arms 48 
have, on the opposite side from their follower surfaces 
59, a protruding portion 251 that is engaged by a spring 
return mechanism which is in essence the same as that 
employed in -and shown in detail in Figure 3. However, 
this return mechanism 67 is mounted directly in the cyl- 
inder head member 32 rather than on the cam carrier 
33. In all other regards, this embodiment is the same 
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and thus, further description of it is not believed to be 
necessary to permit those skilled in the art to practice 
the invention. 

From the foregoing description, it should be readily 
apparent to those skilled in the art that the various 
embodiments disclosed provide a very effective and 
compact arrangement for achieving variable valve actu- 
ation. 

Claims 

1 . A valve operating mechanism for operating a single 
poppet valve of an engine through cooperation with 
the stem thereof, said valve operating mechanism 
being comprised of a single cam shaft having a pair 
of adjacent cams, a pair of adjacent pivotally sup- 
ported rocker arms, each of said rocker arms being 
operated by a respective one of said cams, a first of 
said rocker arms having an operating portion for 
direct engagement with the valve stem for operating 
the valve directly, and means for selectively cou- 
pling the second of said rocker arms to said first 
rocker arm for effecting actuation of the valve there- 
from through said first rocker arm by the cam asso- 
ciated with said second rocker arm. 

2. A valve operating mechanism as set forth in Claim 
1 , wherein both of the rocker arms are journaled on 
the same rocker arm shaft. 

3. A valve operating mechanism as set forth in Claim 
1 or 2, wherein the first and second cams and first 
and second rocker arms provide a different lift for 
the actuated valve. 

4. A valve operating mechanism as set forth in Claim 
3, wherein the lift provided by the second cam and 
second rocker arm is greater than that provided by 
the first cam and the first rocker arm. 

5. A valve operating mechanism as set forth in Claim 
1 or 4, wherein the means for selectively coupling 
the second rocker arm to the first rocker arm com- 
prises actuating means carried by the second 
rocker arm and engageable with coupling means 
carried by the first rocker arm for actuating the first 
rocker arm. 

6. A valve operating mechanism as set forth in Claim 
5, wherein the coupling means comprises a plunger 
slidably supported within a bore formed in the first 
rocker arm and which plunger is engaged by the 
actuating means of the second rocker arm, and 
means for coupling said plunger against movement 
to the first rocker arm for effecting simultaneous 
movement of said rocker arms. 

7. A valve operating mechanism as set forth in Claim 


6, wherein the coupling means comprises a ptn sli- 
dably supported in the first rocker arm and engage- 
able with a bore formed in the plunger for locking 
the plunger against sliding movement in the bore. 

5 

8. A valve operating mechanism as set forth in Claim 
2, wherein the valve has a spring that is associated 
with it for maintaining the first rocker arm in engage- 
ment with the first cam and further including a sep- 

w arate biasing spring for urging the second rocker 
arm into engagement with the second cam. 

9. A valve operating mechanism as set forth in Claim 
8, wherein the second spring is engaged with an 

15 arm of the second rocker arm that is spaced from its 
actuating portion and which spring bears against 
the engine body. 

1 0. A valve operating mechanism as set forth in any of 
20 Claims 1 to 9, wherein there is provided a second 

poppet valve for serving the same combustion 
chamber of the engine and wherein the second 
poppet valve is adjacent the first mentioned poppet 
valve. 

25 

11. A valve operating mechanism as set forth in Claim 

10, wherein both poppet valves communicate with 
the combustion chamber. 

30 12. A valve operating mechanism as set forth in Claim 

1 1 , wherein the second poppet valve is operated by 
a third cam through a third rocker arm. 

1 3. A valve operating mechanism as set forth in Claim 
35 12, wherein the all of the rocker arms are supported 

on the same rocker arm shaft. 

14. A valve operating mechanism as set forth in Claim 

13, the valves are both intake valves. 

40 

15. A valve operating mechanism as set forth in Claim 

14, wherein the first valve is operated with a low lift 
by the first cam and the first rocker arm and a 
higher lift by the second cam and the second rocker 

45 arm acting through the first rocker arm and wherein 
the third cam and the third rocker arm provide a lift 
for the second valve that is higher than that of the 
first cam and the first rocker arm on the first valve. 

so 16. A valve operating mechanism as set forth in Claim 

15, wherein separate intake passages serve the 
intake valves and fur ther including a control valve in 
the intake passage serving the second valve con- 
trolled in response to engine running conditions 

55 and opened under only high speed, high load con- 
ditions. 

17. A valve operating mechanism as set forth in Claim 


11 
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10, wherein the second valve is operated by first 
and second rocker arms each cooperating with a 
respective cam lobe to provide a different lift and 
further including means for selectively coupling the 
first and second rocker arms associated with the 
second valve with each other for varying the lift of 
the second valve. 

18. A valve operating mechanism as set forth in Claim 
1 7, wherein the first rocker arms for the two valves 
are disposed adjacent each other on the rocker arm 
shaft. 

1 9. A valve operating mechanism as set forth in Claim 
17, wherein the second rocker arms are disposed 
adjacent each other on the same rocker arm shaft. 


10 


15 


27, wherein the coupling means comprises a 
plunger slidably supported within a bore formed in 
the first rocker arm and which plunger is engaged 
by the actuating means of the second rocker arm, 
and hydraulically operated means for coupling said 
plunger against movement relative to the first rocker 
arm for effecting simultaneous movement of the 
rocker arms. 

29. A valve operating mechanism as set forth in Claim 

28, wherein the coupling means comprises a pin 
slidably supported in the first rocker arm and 
engageable with a bore formed in the plunger for 
locking the plunger against sliding movement in the 
bore, the hydraulic pressure acting on said pin. 


20. A valve operating mechanism as set forth in Claim 
1 8 or 19, wherein the lift provided by the first cam 
and first rocker arm of one of the valves is different 
from that provided by the first cam and first rocker 
arm of the other valve. 


20 


21. A valve operating mechanism as set forth in Claim 
1 7, wherein one of the rocker arms for each of the 
valves is a common rocker arm that is capable of 
actuating both of the valves. 


25 


22. A valve operating mechanism as set forth in Claim 
21 , wherein the one rocker arm is the second rocker 
arm. 


30 


23. A valve operating mechanism as set forth in Claim 
22, wherein the one rocker arm cooperates with a 
single second cam. 


35 


24. A valve operating mechanism as set forth in Claim 
1 , wherein the means for selectively coupling the 
second rocker arm to the first rocker arm is hydrau- 
lically operated. 


40 


25. A valve operating mechanism as set forth in Claim 

24, wherein both of the rocker arms are journaled 
on the same rocker arm shaft. 

26. A valve operating mechanism as set forth in Claim 

25, wherein the rocker arm shaft is hollow and the 
hydraulic pressure is transmitted through the rocker 
arm shaft. 

27. A valve operating mechanism as set forth in Claim 

26, wherein the means for selectively coupling the 
second rocker arm to the first rocker arm comprises 
actuating means carried by the second rocker arm 
and engageable with coupling means carried by the 
first rocker arm for actuating the first rocker arm. 

28. A valve operating mechanism as set forth in Claim 
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